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INTRODUCTION
Land surveying is one of the oldest professions on earth. The purpose of many surveys nowadays is to create a 2D plan that a land surveyor and his client could use to obtain a building permit. Innovation in topography and land surveying is aimed at acquiring more data with higher accuracy. Computer developments were a key change in that regard. Nowadays, utilizing drones could lead to another quantum leap in the surveying profession. With the development of smart cities and BIM technologies, it will probably become easy to create a 3D model of a terrain utilizing UAVs and exporting it to a 3D Geographic Information System (GIS). Up until now, for construction sites, 2D plans have been required to get reliable measurements quickly. Topographic plans are widely used in a variety of applications and at various sites. These plans involve several levels of accuracy depending on the client's needs. Usually, projects that require crucial safety conditioning for construction, such as high-speed railways, landing strips, investigating building deformations or tunnel inspections, require plans with high accuracy, where just a few millimeters (mm) of deformation are highly significant. In some countries land surveyors' signature has a legal value. Their tasks involve ensuring the accuracy of a plan and making sure that the landmarks are assigned to the right place. Actually, they use topographic instruments in order to realize the plans. This involves a broad number of applications from private properties to major public infrastructures, roads and network management, for instance. For many topographical surveys, the data are acquired with a total station. A total station is surveying equipment that consists of an electromagnetic measuring instrument and * Corresponding author * Corresponding author electronic theodolite. It is also integrated with a microprocessor, electronic data collector and storage system. The instrument can be used to measure horizontal and vertical angles as well as the slope distance from the object to the instrument. The redundant measures with total stations allow accuracy to within millimeters to be achieved. Furthermore, their automatic operation enables more data to be acquired in a limited period of time. Over one day a land surveyor can acquire up to 2,000 points. Since the process is repetitive it can easily involve errors. Therefore several techniques can be adopted to avoid, or at least minimize, these possible errors. For instance, the French government set specific legislation on precision classes for topographical surveys in order to control the quality of the data. The Arrêté du 16 septembre 2003 establishes a set of equations and values to confirm that topographical surveys comply with a designed class of precision. The survey then has to be georeferenced using different techniques based on the nature of the terrain and the available instruments. Usually, the most efficient technique used is a global navigation satellite system (GNSS) receiver with a real-time kinematic (RTK) network. This allows control points to be obtained with a precision of about 2.0 cm. Once the field survey is completed, the data are transferred to CAD software to generate the plan. Even though codification in the field enables automatic drawing, it usually involves some errors, and the post-treatment process usually takes several hours to obtain the final product. In France, the land property is registered in a document called a "cadastre" (land register). This was first established in the 19th century in the reign of Napoleon. The evolution of topographic instruments and progress in terms of precision revealed that most of the register was inaccurate. Therefore, an operation called "bornage" was established to set property boundaries. The goal is to implant the landmarks to set a property's limits. During a "bornage," land surveyors work as a legal expert to delimitate the boundaries between neighbors. The "bornage" encompasses several operations: (1) creation of a "plan de bornage" (this comprises a topographical plan of the state of the property and the projected boundaries); (2) the acceptance of the plan by the mayor and neighbors; (3) the projection of the boundaries and generation of a topographical plan of the property after the projection. Various studies have been conducted on using UAV images and photogrammetry for cadastral surveys (Kurczynski, 2016) over large areas and with a precision of 5-10 cm. Kim et al. 2014 examined the effectively of UAV for land monitoring in order to analyze and detect disaster areas. They evaluated the accuracy of the digital maps generated from UAV images. They found that the mean error, if only GPS/INS data used, is about 10 m, whereas if ground control point (GCP) used, the mean error is about 10 cm. Jin et al. 2009 reviewed a theoretical development of UAV in several implementations fields. They recapped the common problems associated with UAV remote sensing. They also provided information on the orientations of future research about it. Rui-sheng et al. 2006 suggested a new methodology of utilizing UAV images to enhance government decision making related to the land use survey. They found that the implementation of UAV image in land use survey is viable, low-cost and promising. Jones IV et al. 2006 proposed characteristics of small UAV to be suitable for management and research tools. They used wingspan UAV to investigate its usefulness for wildlife research applications. Brutto et al. 2014 performed a study on cultural heritage area utilizing different UAV systems. Two different datasets were acquired one for archeological site and another for land art site. They developed 3D model and ortho-images with high level of details. In addition, they conducted some tests to investigate the accuracy of images orientation and 3D models. Tscharf et al. 2015 presented an automated processing pipeline utilizing various images platforms. The developed framework allows for geo-referencing of UAV imagery based on GPS measurements and ground control points (GCPs). The framework also allows for developing enrich 3D models. Grenzdörffer et al. 2008 indicated that the micro UAVs with light weight are much flexible and weather independent compared to standard ones. They are useful for forestry and agricultural applications. They stated that the current potential photogrammetry for direct georeferencing has not fully exploited. This can be attributed to the manufacturers of UAVs whom are not aware and familiar with the spatial needs of photogrammetry and GIS data acquirement. The aim of this study is to evaluate the potential of UAVs for much smaller areas and with the best precision possible.
UNMANNED AERIAL VEHICLE (UAV)
According to (Colomina and Molina, 2014) , UAV photogrammetry has witnessed rapid development in the past few years. This can be attributed to the accessibility of drones and a major development of Structure from Motion software. Before UAVs, aerial photogrammetry involved planes or helicopters and metric cameras. It encompassed complex and various processes due to the heights to which the aircraft soared and the expensive cost of metric cameras and flight hours. It now offers an affordable access to precise aerial mapping (Fraser, 2015) . According to (Küng, 2011) , the developments of UAVs in recent years along with the improvements in Structure from Motion (SFM) software and computer vision enhanced the production of photogrammetry. They made it accessible with centimetrical precision even with bad positioning systems onboard the aircraft. This precision is approximately within the same range as the existing technologies for most land surveying purposes. Application requiring millimetric precision is still out of the range of possibilities for UAVs. UAVs are becoming more and more affordable, and the ultralight and user-grade cameras on-board also offer very good resolution for low-altitude photogrammetric work. Moreover, UAVs are becoming easier to use with automated flight planners and automatic obstacle detection. The most common applications and operations associated with UAVs are: stockpile measurements and quarry monitoring, precision agriculture, infrastructure inspection, forest management, coastal erosion studies and other environmental and archeological projects (Fernandez and Gutierrez, 2016) , (Goncalves and Henriques, 2015) and (Stöcker, 2015) . UAVs are extremely efficient for these applications, particularly for quarries, since they actually provide high precision with less time and safe conditions (Arango and Morales, 2015) . Indeed, Arango and Morales 2015 compared UAV volumetric measurements with those from TST. The results obtained from UAV presented 0.67% difference with the volume determined by weighting, whereas, TST presented 2.88%. This research is related to vectorizing polylines and polygons. The utilization of UAVs by land surveyors is growing nowadays. They mostly use it for large open sites and for volumetric measurements (Gonzales-Aguilera, 2012). Therefore one of the most significant questions that is raised is related to the suitability and capability of UAVs for all sites, and whether utilizing UAVs will dispense of the traditional surveying techniques. Thus, the main goals of this research are to evaluate the operational capabilities of UAVs on small sites, and to evaluate the potential of UAV-assisted photogrammetry in creating a topographical plan of land property. To achieve these objectives, a collaboration was undertaken with a land surveying office. The study was conducted on one of their sites. The land surveyor office developed and generated a plan using traditional topographic instruments, whereas we used UAV-assisted photogrammetry. After that, a comparison between the two surveying approaches was conducted.
INSTRUMENTS AND SOFTWARES

Total station
A total station is an electronic/optical instrument widely used for surveying. It consists of an electronic theodolite and electronic distance meter (EDM). It is integrated with a microprocessor, electronic data collector and storage system. The instrument can be used to measure horizontal and vertical angles as well as the slope distance from the object to the instrument (Kavanagh and Bird, 1996) . In this study, a Trimble M3 was used. The technical characteristics of the Trimble M3 are: Distances: Accuracy (standard deviation based on ISO 17123-4) Prism: ±(2+2 ppm × D) mm Reflectorless: ±(3+2 ppm x D) mm Angles: DIN 18723 accuracy (horizontal and vertical): 1", 2"/0.5 mgon, 3"/1.0 mgon, 5"/1.5 mgon
UAVs
In this study, two different UAVs (Ebee and HDS3) were utilized to perform two different tests on the same site. The Ebee was used in the first test. It is a flying wing that weighs 700 gm. It can fly at up to 80 km/h and carry a compact camera up to 18 Mpix as shown in Figure 1a . It is associated with a very user-friendly steering interface that can be installed on a computer. The flight plan is set in advance to determine the flight height required for a given ground resolution. It can fly for up to 40 minutes within a range of 3.0 km from the base station. It can cover an area of around 45 ha during a 25-minute flight. But it is highly dependent on the height of flight, resolution and overlap. The HDS3 is another UAV and was used in the second test; it is shown in Figure 1b . It is a hexacopter using a DJI flying controller. A multicopter flies very differently from a flying wing. It can perform stationary flights and soar at very low heights. The HDS3 weighs 2.0 kg and can fly at up to 70 km/h; it was equipped with a Panasonic GH4 with Olympus lens for a total weight of less than 4.0 kg. The HDS3 was piloted manually, since the DJI ground control automated piloting system had not been adapted to comply with this research's requirements.
Cameras
The cameras that were utilized with each UAV were a Canon S110 for the Ebee and Panasonic GH4 for the HDS3. Their properties are displayed in Table 1 
Cameras Software
Different software was used to obtain the final results: 1. Photoscan is photogrammetry software used to create and export various data; point clouds, orthophotos, 3D models, digital elevation models, for instance. It is based on powerful image matching and autocorrelation algorithms to create a point cloud. The matching and registration are done automatically with this software. It also includes meta-data about the camera's position (x, y, z) in the reference system's coordinates and the roll tilt and yaw of the camera for every picture. It allows the model to be referenced to ground control points. Figure 2 displays the process conducted within Photoscan. In all of these steps, it is possible to set parameters that will influence the process and the quality of the model. Moreover, a Python interface can be used to establish an automated process. A set of images are uploaded enabling the Python interface to generate the results at the press of a button. 2. Pix4D is very similar to Photoscan, but it is already automated and the parameter must be set before starting the process. It also provides a tool for vectorizing the model within Pix4D. 3. ArcGIS is the most widely used GIS. It has great capabilities in terms of 3D analysis with the extension 3D analyst. It also includes Arcscene, which enables efficient work on heavy point clouds and 3D models. 4. AutoCAD is CAD software, which is used by most land surveyors and in many other professions. It is efficient for generating 2D topographic plans, but it is not optimized to deal with heavy 3D data exploitation.
GENERATION OF POINT CLOUDS, 3D MODELS AND ORTHOPHOTOS
The study was conducted over a private terrain in Etampes.
Etampes is located to the south of Paris at the border of the Paris suburbs and presents a medium urban density. The whole field survey utilizing a UAV took approximately four hours. On the other hand, the field operation performed by the land surveying office utilizing a total station took about a full working day for the same site.
Preparation
Flying in semi-urban areas, similar to the one that was surveyed in this study, requires serious preparation and understanding of aerial maps in order to obtain the legal permit and authorization to start flying over the area. France is one of the first countries in the world to set legislation rules for UAV flights. These rules are synthesized in four flight scenarios as shown in Figure 3 . The first test was conducted considering scenario 2 (S2) utilizing an Ebee drone. The capabilities offered by the camera and the legal limits of this scenario did not provide precise work. Indeed the topography of the area and the height of the trees and buildings necessitated flying at a height of 70 m over the zone of interest. Thus, with scenario 2 (S2), only 10 images were generated for the model with a 5 cm GSD, which was not relevant for this study. The second test was conducted over the same site using a different flight scenario (S3) and a different UAV. A multirotor drone equipped with a DSLR camera was utilized to provide better data quality. Actually, scenario 3 (S3) required authorization from the mayor's office and of course from the proprietor of the terrain. Obtaining authorization from the mayor's office takes up to three weeks, so this is a real issue and it is considered one of the shortcomings of utilizing UAVs.
Image acquisition process
The image acquisition process is probably the most complex part of field operations. It involves a lot of parameters that have a major influence on the results. Moreover, it is not easy to come back and acquire new data due to logistical problems such as flight authorization and weather.
To obtain the best images, the camera should be calibrated by setting its parameters on the ground. The best images for photogrammetry are the sharpest and with a maximum of texture. Usually it is required to set the ISO before the flight and leave the shutter speed and diaphragm opening to function automatically. To examine and evaluate camera calibration one has to take a picture of the site, including many bright and dark zones, while moving. Once you have obtained a picture that is sharp and has no burnt or underexposed area, the camera can be loaded onto the drone. There are several factors influencing a flight plan, including the desired resolution, the area to be covered and the height variations over the terrain. The expected resolution has a direct impact on the height of flight. The area to be covered determines the number of flight lines. Moreover, the variation of height of flight influences the overlapping values between images. The resolution, pixel size or GSD is the size of the projected pixel on the ground. It is directly dependent on the sensor's size and height of flight. As far the terrain is not entirely flat, thus this value is an average of the different pixel size in the model. For instance, a GSD of 1.0 cm means that the pixels on the image represent 1.0 x1.0 cm on the ground. The resolution will dictate what is possible to achieve. Indeed it dictates the accuracy which is possible to vectorise objects on an ortho-photo, thus defining the possibilities for realization of engineering and infrastructure projects (Kulur 2016) . In this study the vectorization was realized on the point cloud.
If it is not possible to fly automatically, someone with experience can manually take the pictures indicating the trajectory to the pilot. Nowadays, post-processing software is powerful and efficient enough to work with a set of pictures that is not completely perfect. In this study the flight was performed manually due to weather conditions and a lack of reliability on the automatic flight software available for the drone. The pilot was in charge of the drone trajectory, while another operator was in charge of taking the pictures and giving instructions to the pilot. The operator indicated to the pilot the trajectory that he should follow and shuttered the pictures at the same time. On usual photogrammetric missions the drone has an automatic flight planner and the pilot is only there to ensure the mission goes well. Whatever the case, an ideal flight plan should be set and must be followed as precisely as the conditions allow. Here, due to the weather conditions, it was difficult to work at very low altitude with trees and buildings really close to the drone. The whole process, including preparation, controlling and saving the data and the flight time, took approximately four hours. Figure 4a presents the camera position and number of overlapping images on the terrain. It is possible to identify the flight lines that were executed. At the end, the global set of pictures presents a good level of overlapping and is of good quality. Two problems should be noted: first, the existence of an overlapping problem. This can be seen from the gradation of color within the image (from red corresponding to 1 picture overlap to blue corresponding to 9 picture overlaps over the same area). There is a hole in the overlapping map as shown in Figure 4 . It corresponds to a gable (Figure 4b ) that was the highest part of the house, inducing a lack of overlapping as the drone was too close to it. The second problem is related to the borders of the terrain that lack a bit of overlapping. To solve the overlapping problem on the borders one has to cover an area wider than the one of interest, but in this case it was difficult as the border of the terrain was also the limit of the area where the UAV was allowed to fly.
Therefore, this made some slightly weak overlapping values over some borders. Fig. 5 presents the overlapping problems due to the existence of terrain that was not flat. 
Ground control points acquisition process
To obtain the best resolution possible it is necessary to use ground control points. Previous works (Eling, 2015) show that on-board georeferencing allows a 5 cm precision at best. This study seeks a better precision with low heights of flight and ground control points. For the references, five crosses were placed as displayed in Figure 6 utilizing a 100*100 cm white plastic cross template. They were placed as homogeneously as possible ( Figure 6 ) on the site in order to obtain the best referencing on the whole model. Then a closed traverse with the total station was realized using the center of each cross as the summit of the polygon. A closed traverse is a traverse that begins and ends at the same point or that begins and ends at points whose position has been previously determined. In both cases the angles can be closed geometrically and the position closure can be determined mathematically. 
Photoscan/Pix4D software
A total of 181 images were downloaded on the software after sorting out the useless ones (blurred, out of the area). The first image matching is processed with low quality in order to conduct the georeferencing process, where markers have to be positioned at each reference point. The file is then imported with the coordinates of every reference. The georeferencing level of precision for drone-acquired data or traditional instruments does not change, because the methods used to georeference it are the same: GNSS receiver or traverse to a known reference. This is the reason why local polygonal coordinates were used in order to create the model based on five reference points. Once the markers are placed and the coordinates assigned, a second image matching is processed based on the coordinates, to generate dense cloud points with references. This point is essential in this study; the objective is not to evaluate the precision of the absolute coordinates of the model but the relative coordinates. That's why a closed traverse was conducted in order to obtain the most precise set of references in local (arbitrary) coordinates. It is also essential to understand that the crosses, that were placed as base stations for the traverse are used to set the scale and orientation of the model. The same thing can be performed by measuring remarkable objects and inserting these values into the software, and indicating vertical orientation with the ridge of a building. However, the process involving a total station and ground reference provides better precision due to longer distance and controls on the measures. The final results generated are: a point cloud, a 3D model, an orthophoto and a digital elevation model. The most significant result for this study is the point cloud, where vectorization can be executed with better accuracy. The reason behind processing the project in Pix4D mapper was to be able to vectorize directly on the points cloud. Tables 2 and  3 display the error produced by Photoscan on ground control points. They show a mean error of 7.0 mm for the reference points and 4.0 cm for control points. 
DATA CONTROLS AND EXPLOITATION
Model georeferencing with ArcGIS
Once the model had been created, an ArcGIS georeferencing tool was used to manually check the accuracy of the orthophoto and have another control on precision. Indeed georeferencing in Photoscan implied manually pointing the reference and this other tool allowed us to point the reference on the orthophotos making for another test of accuracy. The process starts through exporting the orthophoto from Photoscan and the coordinates of the ground control points. The main problem encountered in georeferencing was attributed to assigning the position of the reference on the image. Therefore the references were set at the center of the white crosses as shown in Figure 7 . The results shown in Fig. 8 confirm that the model respects the precision of a total station measurement by mapping the points on a picture. Moreover, the control points reach a residual error of 9.0 mm, which is acceptable for a topographic plan. 
Vectorization in AutoCAD/Pix4D
One of the objectives of this research is to know whether the acquired results can be used to create an entire topographic plan or not. So the plan was vectorized on Pix4D by mapping between the points cloud and the points that were obtained from the field utilizing a total station. The main problem for that is the existence of vegetation. It covers large areas of the site including boundaries, which makes it impossible to vectorize those areas. Thus, only the most relevant and visible points, such as roofs, houses, walls and pillar angles, were vectorized.
But even on the most relevant points some errors can be induced. Indeed the points are determined manually and the model can present some small artifacts resulting in potential errors. This may lead to some potential centimeter errors. In order to minimize the pointing errors, the distance between our identified points and the land surveyor's points was measured in three different timings of the UAV plan: twice using different reference points, and the third time also modifying the scale of our plan. Another source of error is the 3D similitude in transferring the UAV plan, which is in local coordinates, to the land surveyor's plan, which is in Lambert 93. Two different averages were calculated: one for the points on the ground, and the other one for the roof points (which were measured with a laser pointer). The results of the average distance between the land surveyor points and the 3D model points are presented in The averages shown in Table 4 present a value that is completely reachable in a day-to-day operational production of a topographic plan. The experimental value of the model precision is that of the control point placed at the center of the model. This point is perfectly identifiable in the model and in the field. Therefore, this implies that the point that was mapped in the model is the same as that mapped in the field, without ambiguity; the only error is due to pixel size. At that point an error of 1.0 cm was observed (knowing that the pixel size is 0.50 cm and the pointer is 1.0 cm in diameter).
COMPARISON WITH LAND SURVEYING CLASSICAL RESULTS
Appendices A and B show the maps of UAV and classical surveying respectively. In terms of safety, the danger in operating a UAV comes from the UAV itself, but it is pretty moderate and can be easily avoided by any pilot with experience and who is conscious of the risk. Moreover, the operator is supposed to be in control of the risk, while in traditional topographic surveys the risk comes from elements that are out of the control of the land surveyor.
DISCUSSION
The potential capabilities in terms of precision are only restricted by the resolution of the image. Therefore, any level of precision could be reachable with the right type and number of ground control points. However, the problem associated with high image resolution is related to the computing power needed, since an increase in resolution means a major increase in the data volume. However, it is not possible to say that UAVs can replace the work of land surveyors, since several problems appear with the use of a UAV. For instance, vegetation is the first obstacle that hinders generating a plan. The second obstacle is related to the complex and various process involved in working in urban areas with UAVs. The case study does not involve everything as it was not possible to fly over the neighbors' properties, which led to poor overlapping at the site borders (since flying was only permitted over the client's land). Indeed the aerial rules involve a lot of planning, administration and time-consuming tasks. This may lead to neglect or ignore mentioning the potential crashes. Finally, it is essential to have a very strong computing system to process and exploit the large amount of data required for generating a high-resolution model and plan. Many possibilities can be explored in order to enhance the potential of UAVs. For example, the problem raised by vegetation obstacles can be overcome by taking pictures on the ground to complete the model (Tscharf et al., 2015) or using a more precise positioning system to avoid ground control points (Rehak and Skaloud, 2015) . With regard to the administrative procedures, these should get lighter with more experience on both sides. Another hopeful evolution is the possibility of exporting the data on a cloud interface, where the project will be processed and data will be managed and exploited. Some solutions already exist and promise fully operational solutions allowing the images and ground control points to be exported while still working in the field by utilizing a 4G connection. This would enable a much faster process with an almost real-time mapping at centimeter level in the near future. It is obvious that UAVs can't replace total stations (one can complement the other), therefore it is a good idea to use both together in order to develop extremely powerful mapping tools.
CONCLUSION
The main aim of this research was to determine whether UAVs can be operated at any type of site, particularly small ones (privately owned). To achieve that, two plans were created for the same site, one using traditional techniques and the other using UAVs. Afterwards the results of both were compared. The UAV plan was not complete enough to be fully exploitable because of the existence of a large amount of vegetation. But at the end, the results in terms of precision are acceptable, since the level of precision only depends on pixel size. So in order to create more accurate models, the challenge seems to be more the amount of data needed to manage and the acquisition speed of ground control points. Indeed the level of precision reached can be achieved with a total station. However, this level cannot be reached using an RTK GNSS receiver. Actually, in certain conditions and with the latest developed technologies, a precision of about 1.0-2.0 cm (announced by the constructor) may be reachable. Utilizing a total station, the model can be created with more precision. The error that resulted during GCP measurement is directly influences the quality of the model. Using GCP with lowquality RTK measures will actually alter the model. Moreover, the vegetation problem already identified also impacts the quality of the generated model. Really, without it, a good plan can be extracted and the parts that are well exposed can be vectorized seamlessly with high precision. However, the vegetation covered most of the important areas at the site of interest and made it impossible to issue a plan that could be deliverable. These points show how the technique is promising; just some missing key innovations are required to be fully efficient for that kind of site. One of these innovations is developing intelligent landmarks that can interact with the drone. The other innovation that may lead to facilitating this type of measurement is normalizing the process for land surveyors and drone operators to work together. Such a process would allow the land surveyor to have easy access to safe flight and quality data. Actually, the land surveyor flying the drone will lead to depletion and loss of his time in planning the flight in considering several issues: weather conditions and administrative work, for instance, while the drone operator can plan all of these tasks while respecting the land surveyor's requirements in terms of resolution and overlap.
